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VT-18 69 PATENT 

What Is Claimed Is: 

1 . A single phase compound represented by 
nominal general formula LiFei.yMyP04 where O < y < 0.5 
nd M is at loast one metal selected from the group 
consisting of m^, Ca, Zn, Sr, Pb, Cd, Sn, Ba, Be, and 
mixtures thereof . 

2 - The jingle phase compound of claim 1 where 
O < y 0 . 2 . 

3. The sin^gle phase compound of claim 1 having 
the nominal formula Li\Fei_yMgyP04 . 



4 . The singlte phase compound of claim 1 having 
the nominal formula LiF^{X^g^P04 



5. The sing/Le \phase\ compound of claim 1 having 
the nominal formula LiFei_Vca„POd 



the nominal formula L 



6- The single Ipkase compound of claim 1 having 



1 . The single phase compound of claim 1 having 
the nominal formula LiFei_yZnyP04 . 

8. The single phase\ compound of claim 1 having 
the nominal formula LiFe0.9Zn0.it • 

9. The single phase cJ^mpound of claim 1 which 
has an olivine structure. 
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10. \ single phase compound having the nominal 
general formula :LiMIi.yMIIyP04 where MI is selected from 
the group consisting of Fe, Co, Ni, Mn, Cu, V, Sn, Ti, 
Cr, and mixtures thereof, and MIX is selected from the 
group consisting of Mg, Ca, Zn, Sr, Pb, Cd, Sn, Ba, Be, 
and mixtures theVeof , and where y is greater than zero 
and less than om 



11. An olivine compound having the nominal 

general formula LiMAMyPO^ where MI is at least one 

\ 

transition metal selected from Groups 4 to 11 inclusive 
of the Periodic Table \and has a +2 valence state. Mil is 
at least one metallic element which is selected from 
Groups 2, 12, and 14 oA the Periodic Table and has a +2 
valence state, and where 
0 < y < 1 . 

12. The compound of claim 11 wherein MI is 
selected from the group coyisisting of V, Cr, Mn, Fe, Co, 
Cu, and mixtures thereof. 

13. The compounc^Vof claim 11 wherein Mil is 
selected from the group co]^s\Ls^ng of Mg^'^^Ca, Ba, Zn, and 
mixtures thereof. 

14. An electroo^ comprising a binder, an 
electrically conductive carbonaceous material, and an 
active material represented by nominal general 
formula LiFei_yMyP04 where O < y 4 0.5 and M is at least 
one metal selected from the group consisting of Mg, Ca, 
Zn, Sr, Pb, Cd, Sn, Ba, Be, and itiixtures thereof. 



15. The electrode of claim 14 wherein said 
active material is a single phase \compound where 
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O < y 0 .2 .\ 



16. \ The electrode of claim 14 wherein said 
active material is a single phase compound having the 
nominal f ormulaXLiFei.yMgyPO^ . 

17. TheXelectrode of claim 14 wherein said 
active material is aysingle phase compound having the 
nominal formula LiFeo\Mgo.iP04 . 

18. The electrode of claim 14 wherein said 
active material is a sindrle phase compound having the 
nominal formula LiFei.yCayPO^ . 

19. The electrbde of claim 14 wherein said 
active material is a singJ^e phase compound having the 
nominal formula LiFeo.gCao.iPx 

20. The electrode\/>f claVim 14 wherein said 
active material is a single j^ase compound having the 
nominal formula LiFei.yZn^PO^ 



21. The electrocie /o5 claim 14 wherein said 
active material is a single pha^e compound having the 
nominal formula LiFeo.9Zno.1PO4, 

22. The electrode of cUaim 14 wherein said 
active material has an olivine structure . 



23. An electrode comprising a binder, an 
electrically conductive carbonaceouA material and an 
active material which is an olivine compound represented 
by the nominal general formula LiMi_ylA,P04 where MI is at 
least one transition metal selected fVom Groups 4 to 11 
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inclusive oi . the Periodic Table and has a +2 valence 



state. Mil :. 



and has a + 



s at least one metallic element which is 



selected from Groups 2, 12, and 14 of the Periodic Table 



valence state, and where 0 < y < 1. 



24. \ The electrode of claim 23 wherein MI is 
selected from uhe group consisting of V, Cr, Mn, Fe, Co, 
Cu, and mixtures Vthereof . 

25. TheXelectrode of claim 23 wherein Mil is 
selected from the gr^oup consisting of Mg, Ca, Ba, Zn, and 
mixtures thereof. 

26. A lithium ion battery comprising: 
a first\ electrode having an active 

material represented bA the general formula LiFei_yMyP04 
where O < y < 0.5 and M\is at least one metal selected 
from the group consisting of^^, Ca, Zn, Sr, Pb, Cd, Sn, 
Ba, Be, and mixtures thej 

a second eVsctrodfe which is a counter- 
electrode to said first e/^pctrod'e; apd 

an electrcflihs"^;— be^i^^Teen said electrodes. 

27. The battery ^f claim 26 wherein said 
active material is a single phase compound where 
O < y ^ 0.2. 



28. The battery of V:laim 26 wherein said 
active material is a single ph^^e compound having the 
nominal formula LiFei.yMgyPO^ . 



29. The battery of clfeim 26 wherein said 
active material is a single phase compound having the 
nominal formula LiFeo.9Mgo.1PO4. \ 
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30. The battery of claim 26 wherein said 
active materia:), is a single phase compound having the 
nominal formula LiFei.yCayPO^ . 

31. \ The battery of claim 26 wherein said 
active materiaA is a single phase compound having the 
nominal formula \LiFeo.9Cao.1PO4 . 



32. Th^ battery of claim 26 wherein said 
active material i^ a single phase compound having the 



nominal formula L 



iWi.yZn, 
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The 



battery of claim 26 wherein said 
active material is p single phase compound having the 
nominal formula LiF*o.9Zno.iP04 , 



34. The bittery of claim 26 wherein said 
active material has ajK^^ivine structure. 



35- A lythilim i'on battery comprising: 



a f trst vb^^ctpsKie having an active 
material which is pn ql]j.vine compound represented by the 
nominal general fotmu3-a \LiM1_yMyPO4 where MI is at least 
one transition metal selected from Groups 4 to 11 
inclusive of the Periodic\ Table and has a +2 valence 
state, MIX is at least onA metallic element which is 
selected from Groups 2, 12V and 14 of the Periodic Table 
and has a +2 valence state A and where 0 < y < 1; 

a second elecVrode which is a counter- 
electrode to said first elecArode; and 

an electrolyte\ between said electrodes 
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36 -\ The battery of claim 35 wherein MI is 
selected from ithe group consisting of V, Cr , Mn, Fe, Co, 
Cu, and mixtures thereof, 

37. / llfce battery of claim 35 wherein Mil is 
selected f romMfHie^group consisting of Mg, Ca, Ba, Zn, and 
mixtures thereoj 

38. A singl4 phase compound represented by the 
nominal formula LiVsOs apd having an orthorhombic crystal 
structure with a = 9.7 i 0.2A, b = 3 . 6 ± 0 . 2A and c = 
10.'6 ± 0.2A, 



39. The compound of claim 38 which is prepared 
by reacting vanadium pentobcide and lithium compound in 
the presence of carbon at an elevated temperature 
sufficient to form said sinrale phasre compound. 



/ 



:omr 



mi 



40. An electrode 
electrically conductive car 
active material which is a/^^gle phas 
represented by the nomina 
having an orthorhombic c 
0.2A, b = 3.6 ± 0.2A and 



general fo 



^stal\ stru 
c = 1( 



ising a binder, an 
ms^m^terial and an 
compound 
ula LiVsOs and 
re with a = 9.7 ± 



U3 



0.2A, 



41. A lithium\ion i>^fttery comprising: 
a first el^c^rod^ having an active 
material which is a siagle' phasel compound represented by 
the nominal formula LiVsOs and havying orthorhombic 
crystal structure which a = 9-7 ±\).2A, b = 3 - 6 ± 0 . 2A 
and c = 10.6 ± 0.2A; 

a second electrode wbich is a counter- 
electrode tp said first electrode; agnd 

an ele^rolyte betweerfv said electrodes. 






